Habitat selection by resident houbara bustards introduced outside the species' 'normal' breeding range in central Saudi Arabia was studied during the summer 1994. Relatively well-vegetated terrain with a low density of tall ( > 1 m) shrubs was the preferred daytime habitat. At night houbara roosted in relatively bare sites or, on moonlit nights, foraged in habitats with relatively low vegetative density. Plant species richness was similar at sites intensively utilized by houbara and at randomly selected sites. However, vegetative density was greater at utilized sites than at random sites. Phenological diversity, specifically the availability of plants with green shoots and flowers, appeared to be the primary factor motivating houbara choice and was directly related to the distribution of rainfall. Densities of tenebrionids and spiders were higher in utilized than in random habitats, but the overall number of species and abundance of surface-active arthropods was similar. Sampling technique limited interpretation of the importance of arthropods in habitat selection, however.
Introduction
The houbara bustard (Chlamydotis undulata Jacquin) is a medium-sized gruiform that occurs in desert and semi-desert habitats from North Africa to central Asia. Throughout its range, the houbara is a traditional gamebird, particularly of falconers. Three subspecies are recognized, including a Canary Island race (C. u. fuerteventurae), a North African race (C. u. undulata) and an Asiatic race (C. u. macqueenii) . The latter occurs from the central Arabian Peninsula through the Middle East to the central portion of the former U.S.S.R. (Dementiev & Gladkov, 1951; Cramp & Simmons, 1980; Johnsgard, 1991) . The Asiatic subspecies is migratory in the former U.S.S.R. and resident to dispersive in the southern part of its range (Dementiev & Gladkov, 1951; Cramp & Simmons, 1980; Urban et al., 1986 , Johnsgard, 1991 . In the Arabian peninsula, resident populations occur in Oman and in the north of Saudi Arabia close to the Jordan border. However, during winter, the greater part of the peninsula is visited by migrant houbara, supposedly coming from central Asia.
Houbara populations reportedly have steadily declined in recent decades throughout the species' range (Cramp & Simmons, 1980; Collar, 1980; Alekseev, 1985; Mirza, 1985; Lavee, 1988; Gubin, 1992; Troshchenko, 1992) . This trend has been marked in the Kingdom of Saudi Arabia (KSA) (Jennings, 1989) , and conservation of houbara has been a primary concern of the KSA's National Commission for Wildlife Conservation and Development (NCWCD), since its establishment in 1986. The NCWCD's strategy includes protection of remnant populations and habitats, establishment of a network of protected areas, captive breeding, introduction and public awareness .
The houbara is a desert-adapted species that utilizes 'open or shrubby, level or undulating more or less arid plains uninhabited or thinly inhabited by man' (Cramp & Simmons, 1980) . The species seems to prefer sandy soils covered with a sparse vegetation of low shrubs (Mendelssohn, 1980) . In Baluchistan, houbara have a wide ecological amplitude and occur in 25 different vegetative communities supporting 93 plant species, but all similar in having a regular shrub layer and a low vegetation cover (Mian, 1988) . Houbara typically occur in areas that receive 140 to 230 mm annual rainfall (Brosset, 1961; Collins, 1984; Mian, 1988) and have a temperature range of 4-24°C, but they may tolerate short periods of lower and higher temperatures (Collins, 1984; Mian, 1988) .
Experimental introductions of captive-bred houbara began at Mahazat as-Sayd Protected Area (Mahazat or Reserve) in central Saudi Arabia in 1991 . Annual rainfall and winter temperatures at Mahazat are favourable for houbara, but summer temperatures in the area average 32°C and are above the known tolerance of the species. Houbara historically wintered in large numbers in the vicinity of Mahazat (HRH Prince Saud Al Faisal, pers. comm.), but apparently were rarely seen during the dry, hot summer season. The success of the NCWCD's houbara restoration programme, which focuses on the introduction of captive-bred birds, will largely depend upon the ability of introduced houbara to survive and to stay in the reserve under these relatively severe summer conditions at the southern extremity of the species' range.
Study area
Mahazat encompasses 2244 km 2 of desert steppe habitat on the western edge of the Najd Pediplain (plateau) in central Saudi Arabia, approximately 150 km north-east of Taif. Topography of the area is gentle. Elevation ranges from approximately 900 m a.s.l. in wadis to 1100 m on basalt relief. Soils are predominantly sand and gravel. The climate of the area is arid and hot. Between 1990 and 1994, monthly mean temperatures ranged from 17-18°C in winter to 32-33°C in summer. An absolute high of 46°C was recorded in July 1993. Mean monthly soil temperatures measured at 10 cm subsurface varied from 20°C in winter to 39°C in summer. Soil surface temperature measured in July 1994 reached a maximum of 69°C. Mean monthly wind speed varied from 2·5 to 4·5 m s , with daily maxima ranging from 700 to 1000 W m -2 through the year. The amount and temporal distribution of rainfall in the area varies considerably between years; annual rainfall ranged from 46 to 134 mm (mean = 79 mm) between 1990 and 1994. Most rainfall typically occurs in spring (March-May). Major rainfall events may occasionally occur outside of this period, e.g. 52 mm in August 1992, but it is common for the area to be nearly or completely rain-free between June and February. Although ephemeral pools may persist in alluvial hollows for several weeks following heavy rainfall, there is no permanent surface water in the area.
Various associations of Acacia and Panicum dominate the vegetation in the Reserve. The density of trees, primarily A. tortilis and A. ehrenbergiana, and other vegetative cover decreases from south to the north, where grasses, primarily P. turgidum and Lasiurus scindicus, predominate. Vegetative cover in wadis and depressions is relatively diverse and abundant.
Mahazat received protected status in 1989, at which time all livestock were removed and a 2-m high chainlink periphery fence was completed. Since then, vegetative recovery of the overgrazed habitat has been remarkable. The list of plant species for the area increased from 56 in 1989 (H. Gillet, unpubl. data) to 112 in 1992 and 129 in 1994 (S. Collenette, pers. comm.) . Inside a 400 ha houbara release enclosure, vegetation density and plant species richness, as well as arthropod species richness and abundance, increased significantly between 1992 and 1994 (Combreau & Rambaud, 1994) . Survival and productivity of Arabian oryx (Oryx leucoryx) (Smith & Ismail, in press ), sand gazelle (Gazella subguturossa) (Haque & Smith, 1996) , and red-necked ostrich (Struthio camelus) (Haque & Smith, 1995) reintroduced in the area are further indicative of vegetative recovery. Currently, Mahazat is a relatively natural island of vegetation in a vast area of severely overgrazed desert steppe habitat.
Methods
Houbara released in Mahazat were captive-born at the National Wildlife Research Center in Taif, KSA, where the breeding stock originates from birds and eggs of presumably resident C. u. macqueenii collected in Baluchistan in 1986 and 1987 (Saint Jalme & van Heezik, 1995 . Between 1991 and 1994, 111 houbara were released using four different release techniques including hard-release, soft-release of coveys, softrelease of feather-cut 3-month-old subadults, and soft-release of flying 3-month-old subadults. Overall, 17% of 3-month-old feather-cut subadults, 36% of chicks and 48% of flying 3-month-old subadults were introduced successfully, whereas hard-releases failed (Combreau & Smith, unpubl. data) . None of these birds laid, bred or cared for chicks during summer 1994. Birds were radio-tagged with solar-powered transmitters (AVM Instrument Co., Ltd. Livermore, California or Telemetry Systems Inc., Mesquon, Wisconsin) attached in a backpack configuration. Houbara were located daily by ground or aerial telemetry for 3 weeks after they left the release enclosure and at a mean interval of 4·2 days (S.D. = 3·6) thereafter. Aerial locations were made from a Maule aircraft at an altitude of 30-50 m above ground level, using conventional aerial telemetry equipment (Telonics Inc., Mesa, Arizona). During ground locations, birds were generally approached by vehicle (or on foot) until visual contact was made, often to within 50-100 m. At each radio location, longitude and latitude were determined using Loran-C Navigators or GPS. At each ground location (N = 436), categorical data on characteristics of the landscape, including topography, soils, vegetative structure and vegetative cover were recorded. Vegetative cover was estimated with the qualitative index defined as follows: index 0 = 0-1% cover, index 1 = 2-4% cover, index 2 = 5-10% cover, index 3 = 11-25% cover, index 4 = 26-50% cover, index 5 > 51% cover.
Nineteen sites utilized intensively (for > 5 consecutive days) by both male and female houbara (aged 1-year-old or more) between July and September 1994 were chosen for an analysis of micro-habitat selection. Habitat characteristics at these sites were compared with those at 10 randomly selected vegetated sites known to have been utilized at least once by houbara within the reserve. At each site, a 50 ϫ 3 m (150 m 2 ) sampling plot was established in a well-vegetated area that we considered typical houbara foraging habitat. At each plot, vegetative density (individual plants m -2 ), plant species richness (number of plant species), and phenology (dry, shooting, flowering or seeding) were recorded. We also estimated the surface-active arthropod species richness (number of surface-active arthropod species) and their abundance at each site using plastic pitfall traps 8·8 cm in diameter, 18 cm deep, and containing 200 ml of picric acid (3 g l -1 ). Pitfalls were installed at the corners and centre of a 10 ϫ 10 m plot adjacent to each vegetative sampling plot and operated for 4 consecutive days and nights. Traps were left open continuously and checked at the end of the trapping session. Animals were identified to the family in general and to the genus when possible.
Vegetation and insect monitoring was conducted once for each houbara habitat and three times during summer 1994 for randomly selected sites. Monthly data (July, August, September) for each randomly selected site were pooled for analysis (thus N = 30/3 = 10 for the summer 1994). A t-test (Zar, 1984) was used to compare habitat characteristics of utilized and random sites.
Results
From the 436 radio locations conducted from the ground, we calculated that the habitat chosen was generally a wadi (33·7%), a clump of vegetation (26·3%), a depression (20·6%), a hill (3·2%) or a flat area with no special structural characteristics (16·1%). The soil was generally sandy (90·4%); rarely, houbara were spotted on a gravelly (6·4%) or rocky soil (3·2%). During daytime, houbara tended to utilize large wadis or depressions with good vegetative cover, feeding and resting (shading) at the edges of these habitats but avoiding their inner, densely vegetated zones. At night houbara utilized areas with less cover (mean cover index = 1·19, S.D. = 0·61) than they did during daytime (mean cover index = 2·45, S.D. = 0·58) (t = 17·7, df. = 434, p < 0·01). Habitats utilized by houbara on moonlit nights, i.e. when birds were feeding (Combreau & Launay, 1996) , had significantly greater vegetative cover (mean cover index = 1·76, S.D. = 0·69) than those utilized on dark nights (mean cover index = 0·87, S.D. = 0·57) (t = 2·86, df. = 82, p < 0·001).
Habitat structure
The overall density of bushes (i.e. plants with a crown radius of > 30 cm) per ha of vegetated area, largely A. tortilis, Rhazia stricta, Salsola spinescens, Indigofera spinosa, Fagonia indica, L. scindicus, P. turgidum and Lycium shawi, at sites intensively utilized by houbara (mean = 5009 ha -1 , S.D. = 3655) was not significantly different from that at randomly selected sites (mean = 6617 ha -1 , S.D. = 4102) (t = 1·08, df. = 27, NS). This held for bushes shorter than 0·5 m (t = 1·06, df. = 27, NS) and for bushes between 0·5 and 1·0 m in height (t = 0·44, df. = 27, NS) (Table 1) . However, houbara appeared to avoid habitats with tall bushes. The density of bushes > 1 m high, primarily Acacia, was significantly lower at utilized sites than at random sites (t = 2·00, df. = 27, p < 0·05) ( Table 2) .
Plant species richness and vegetation density
The total number of plant species and the number of plant species referenced as houbara food in the literature (RHFL) was similar at utilized and random sites (p > 0·05, Table 1 ). However, total plant density, as well as density of plants RHFL was significantly greater at sites utilized by houbara than at randomly selected sites (p < 0·05, Table 1 ). Most plant species RHFL, which occur in Mahazat and were in a favourable phenological stage during the period of study, including Crotalaria leptocarpa, Fagonia indica, Farsetia ramosissima, Launaea capitata, Tribulus macropterus and Lasiurus scindicus, occurred at higher densities at sites utilized by houbara than at random sites (p < 0·05, Table 2 ). Three species RHFL, including Indigofera spinosa, Salsola spinescens and Polycarpaea sp., occurred at similar densities in utilized and random sites. Acacia tortillis occurred at a lower density at utilized sites than at random sites. The fruits and new leaves of this species, which are consumed by houbara (Karim & Hasan, 1983; Symens, 1987; Launay, 1989) , were not available during summer 1994. Large Acacia plants (i.e. > 1 m height) also appeared to represent unsuitable habitat structure for houbara. %oc. NS t-test, non-significant; * t-test significant at a 0·05 probability level; -t-test not performed due to small samples. LE, FR, SH, BU in parentheses indicate the part (leaves, fruits, shoots and buds, respectively) of the corresponding species consumed by houbara according to the literature.
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Phenology
The total number of species RHFL with new growth (i.e. green shoots) and the overall density of shooting plants RHFL was significantly greater at utilized sites than at random sites (p < 0·05, Table 1 ). The number of species RHFL in flower (p < 0·01) and the density of plants RHFL in flower (p < 0·01) was also greater at sites utilized by houbara than at randomly selected sites. On the contrary, the number of fruiting species was greater at random sites than at utilized sites (p < 0·01); the density of fruiting plants was similar in utilized and random sites (p > 0·05).
Arthropod species richness and abundance
The availability of trap-revealed arthropods did not appear to affect the selection of summer habitat by houbara in Mahazat. There was no significant difference between either the number of arthropod species or the density of arthropods, both overall and for species RHFL, captured at utilized and random sites (p > 0·05, Table 2 ). Two taxa however, tenebrionids and spiders, were captured at utilized sites at significantly higher rates than at randomly selected sites (p < 0·05, Table 2 ). For tenebrionids, this was due largely to the comparatively high density (mean = 1·26, S.D. = 0·59 individuals per trap per 24 h) of Mesostena sp. at utilized sites, vs. mean = 0·59, S.D. = 0·98 individuals per trap per 24 h at random sites (t = 2·29, df. = 27, p < 0·05). This species is not known to be a common food to houbara and is referred to only twice in the literature (Anegay, 1992; Combreau & Rambaud, 1994) . Capture rates of all other tenebrionids, including Scaurus sp., Gonocephalus sp., Scleron sp., Zophosis sp., Pimelia sp., Prionotheca sp., Trachyderma sp., Akis sp. and Blaps sp., were similar at utilized and random sites (p > 0·05) although Pimelia sp., Trachyderma sp. and Blaps sp. are known to be widely eaten by houbara in Mahazat (Combreau & Rambaud, 1994) . The abundance of ants, which were captured at far greater rates than any other taxon, was similar at utilized and random sites, as was the abundance of other palatable taxa, such as orthopterans, termites and small lizards.
Discussion
Houbara introduced in Mahazat as-Sayd typically utilized areas with sandy soil and sparse to medium vegetation with low shrubs. Such general habitat affinities are consistent with those described for the species elsewhere in its range (Cramp & Simmons, 1980; Mendelssohn, 1980; Mian, 1988) . Houbara appeared to avoid sites with high ( > 1 m high) vegetation and to prefer sites with a relatively high density of small ( < 1 m high) bushes. Mian (1988) reported that houbara in Pakistan exhibited similar affinities for habitat structure and that cover with a height of 1 m or less afforded effective protection for houbara by concealing them from sight. In Mahazat, tall vegetation is primarily Acacia trees, which, in addition to restricting houbara's vision, offered no palatable food, i.e. green shoots and flowers during the study period. On the contrary, many smaller bushes, especially Fagonia indica, the most numerous plant in the study area, occurred in various phenological stages during the summer and provided palatable shoots, flowers, fruits and/or young leaves. We have shown that houbara selected summer habitat in Mahazat based largely on the distribution and abundance of plants with new growth, specifically green shoots and flowers, which corresponds with rainfall. We believe that phenology was the primary factor influencing summer habitat choice of houbara in Mahazat. They were never found in noticeably dry habitats. During aerial telemetry, it was obvious that houbara were utilizing sites where vegetation was distinctly greener than that of the surrounding area.
In Baluchistan, Mian (1988) reported, on the contrary, that phenology was of little importance in habitat selection, although houbara may be attracted to cultivated plots or patches of green herbaceous vegetation. Similarly, Launay et al. (1997) reported that phenology was of little importance in habitat selection by wild houbara in the United Arab Emirates (UAE), where birds appeared to choose habitats based on vegetative structure and composition. The UAE study and the Baluchistan study were conducted during winter, when most plants are in a dormant phenological stage, and the homogeneity of phenology during this season may explain the contradiction between their observations and ours. However, there are two other factors that may be relevant. Firstly, Mahazat is so hot and dry during summer that houbara may actively select habitat for the water content of vegetation. In a companion study of home range and movements (Combreau, Gélinaud & Smith, unpubl . data), we found that introduced houbara frequently made distinct movements following rainfall events to sites in the reserve where the greatest amount of rain had fallen. Secondly, there may be behavioural differences between wild and captive-born houbara that dominate strategies for habitat selection. In the UAE and Pakistan, wild houbara are under severe hunting pressure, and habitat structure, i.e. cover from humans, rather than food availability, may be the overriding factor in their selection of foraging habitat. On the contrary, captive-born houbara introduced at Mahazat are naive to humans and hunting and likely choose foraging sites based solely on food availability.
We have shown that the majority of the species RHFL were found in higher densities in houbara habitat than in random sites. Three species RHFL, however, including Indigofera spinosa, Salsola spinescens and Polycarpaea sp., occurred at similar densities in utilized and random sites. Indigofera and Polycarpaea are listed as food items in only one study (Symens, 1987 for Indigofera and Gillet, 1988 for Polycarpea) and may be relatively unimportant to houbara. Salsola, which is frequently listed as an important food of houbara (Alekseev, 1985; Mian, 1988; Il'icev & Flint, 1989; Launay, 1989; Combreau & Rambaud, 1994) , occurs at relatively low densities in Mahazat, and flowers and buds of this species were not available during summer 1994.
Although houbara in Mahazat clearly avoided uncovered areas, which represent more than 80% of the Reserve's acreage, they tended to avoid densely covered areas as well. Introduced houbara concentrated their foraging at the edges of wadis and other well-vegetated areas, but they rarely were found in the dense and/or tall cover of their interiors. Such use of habitat edges apparently is typical of houbara, which in Russia is nicknamed 'Jerk' (i.e. 'bird that lives on the border') (Launay et al., 1997) .
Although no measurement of the water content of vegetation was taken, we suggest that houbara selected habitat in Mahazat during summer for the water content of its forage (high densities of shooting and flowering species), which is necessary for metabolic maintenance under the extreme heat and dryness of the area. This hypothesis is supported by observations of the activity patterns of introduced birds which adjusted their activity during summer to minimise exposure to the sun (Combreau & Launay, 1996) . Their activities were concentrated at dawn and dusk, and they rested for long periods during midday, typically under the shade of Acacia tortillis, Salsola sp. or Panicum turgidum. Houbara also foraged on moonlit summer nights, but on dark nights they utilized open sites for roosting, possibly to reduce encounters with foxes and other mammalian predators, which are primarily nocturnal and hunt in the cover of wadis and depressions (E. Olfermann, pers. comm.) .
When feeding at night, houbara tended to utilize areas with less cover than when they were feeding during daytime. Three non-exclusive hypotheses that may explain this are: (1) houbara utilized well-covered areas during daytime to avoid aerial predation (eagles) and less vegetated areas at night to avoid terrestrial predation (foxes); (2) well-covered areas may be preferred during daytime for their shade value; and (3) because nocturnal activity of large Tenebrionidae was similar in unvegetated areas and vegetated areas (Combreau & Rambaud, 1994) , houbara may find them more easily during (moonlit) nights in areas with low rather than high vegetative cover.
The overall species richness and abundance of surface-active arthropods did not appear to influence selection of summer habitat by houbara in Mahazat. Utilized habitats did, however, contain higher densities of tenebrionids and spiders than randomly selected habitats. Spiders are known to be consumed by houbara (Cramp & Simmons, 1980; Surahio, 1981; Haddane, 1985) , but they appear to be of low interest due to their small size and low density. On the other hand, tenebrionids, which appear to be a universally significant food item of houbara (Glutz et al., 1973; Cramp & Simmons, 1980; Surahio, 1981; Collins, 1984; Haddane, 1985; Symens, 1987; Slaytor, 1989; Mian, 1988; Launay, 1989; Anegay, 1992; Combreau & Rambaud, 1994) , were determinant in the selection of summer habitat by houbara in our study area. However, the houbara-tenebrionid relationship may not be direct or causal, and it may well be that habitat selected by houbara in summer, which contained a high density of plants in different (productive) phenological stages, attracts and supports relatively large diversities and densities of arthropods, including many volant, arboreal species (such as orthopterans which we did not sample adequately), that may be important food items (Combreau & Rambaud, 1994) .
